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[Title of the invention] Desalting method 
[Abstract] 

[Problem to be solved] The object is to provide an advanced water 
15 purification treatment method f or ' pretreatment in a process 

consisting of eliminating divalent ions by means of a nanof iltration 

membrane module as pretreatment and desalting treatment. 

[Solution] A desalting method, comprising the use of a 

nanof iltration membrane module using highly water-permeable hollow 
20 fiber membranes capable of eliminating divalent ions for 

pretreatment. 

^ [Claims] 

[Claim 1] A desalting method, in which raw water is pretreated by 
means of a nanof iltration membrane module and subsequently desalted, 
25 characterized in that the said nanof iltration membrane module is 
composed of hollow fiber membranes having a magnesium sulfate 
elimination rate of 90% or more and a water permeation rate per 
membrane area of 0.3 m^/m^/day or more when they treat 0.05 wt% 

magnesium sulfate aqueous solution at 25''C, pH 6.0 and a pressure 
30 of 0.5 MPa. 


[Claim 2] A desalting method, according to claim 1, wherein the 
desalting means is a reverse osmosis method. 

[Claim 3] A desalting method, according to claim 1 or 2 , wherein 
the raw water is seawater. 
5 [Claim 4] A desalting method, according to claim 2 or 3, wherein 
the nanof iltration membrane module in the pretreatment is a one-step 
process system. 

[Claim 5] A desalting method, according to any one of claims 2 
through 4, wherein the reverse osmosis membranes of the reverse 

10 osmosis method are hollow fiber reverse osmosis membranes. 

[Claim 6] A desalting method, according to any one of claims 1 
through 5, wherein the hollow fiber membranes of the nanof iltration 
membrane module are composite hollow fiber membranes. 
[Claim 7] A desalting method, according to claim 6, wherein the 

15 separation active layer of the composite hollow fiber membrane is 
made of a polyamide-based polymer. 

[Claim 8] A desalting method, according to claim 7, wherein the 
separation active layer of the composite hollow fiber membrane is 
made of a crosslinked polyamide-based polymer. 
20 [Claim 9] A desalting method, according to claim 8, wherein the 
crosslinked polyamide-based polymer is mainly composed of 
crosslinked polypiperazineamide . 
[Detailed description of the invention] 
[0001] 

25 [Technical field of the invention] The present invention relates 
to an improvement of the method of desalting raw water. In more 
detail, a membrane module composed of highly water permeable hollow 
fiber memlDranes capable of eliminating scale components such as 
hard components and divalent ions including sulfate ions is used 

30 for pretreatment to allow desalting at a high recovery rate compared 


with the conventional desalting methods. In addition, the energy 
cost can be reduced and the space for installing the module used 
for pretreatment can be reduced. This invention is especially 
effective for desalting brine and seawater containing a large amount 
5 of hard components and sulfate ions likely to growing into scale. 
[0002] 

[Prior art] Enhancing the rate of the amount of desalted water to 
the amount of raw water, i.e. , recovery rate in a desalting process 
is preferred since it saves energy in the desalting process and 

10 decreases the concentrated wastewater. However, if raw water 
contains a large amount of scale components such as calcium, 
magnesium and sulfate ions , these scale components are concentrated 
to generate the scale precipitated in the desalting apparatus having 
membranes, to lower the desalting capability in the desalting 

15 operation at a high recovery rate, as the case may be. For example, 
iii the case where general seawater is desalted, it is known that 
if the concentration ratio exceeds 3 times , calcium sulfate products 
are highly likely to be precipitated as scale. For this reason, 
for example. Desalination, 1998, Vol. 118, pages 35-51 proposes 

20 to use nanof iltration membranes capable of eliminating divalent 
ions for eliminating the scale components in raw water, thereby 
reducing the problem of scale in the desalting process. 
[0003] 

[Problems to be solved by the invention] However, most of the said 
25 nanof iltration membranes are composite flat membranes and have a 
high water permeability per membrane area, but since the membrane 
area per membrane module is . small, the installation space cannot 
be decreased. On the other hand, hollow fiber membranes with a large 
membrane area per membrane module are also studied, but since the 
30 water permeability per membrane area is small, the installation 


space cannot be decreased even if the membrane area per membrane 
module is large. On the other hand, spiral membrane modules that 
are typical flat membrane modules need a so-called Christmas tree 
type reject series, in which the concentrated water of an upstream 
membrane module is supplied to a downstream membrane module for 
assuring the concentrated water flow rate through the modules, and 
in addition, the membrane module pressure loss is large. So, there 
is a case where booster pumps are necessary between membrane modules, 
and the arrangement is complicated. If the flow rate cannot be 
assured, a circulation system must be used to enhance the flow rates 
in the modules . 
[0004] 

[Means for solving the problems] The inventors studied intensively 
to achieve the above object, and as a result, found that if a membrane 
module composed of highly water permeable hollow fiber membranes 
capable of eliminating divalent ions such as sulfate ions and 
calcium ions as scale components is used for pretreatment in a 
desalting process, the installation space of the membrane module 
can be decreased. Thus, the present invention has been completed. 
Furthermore, if the hollow fiber membrane module is used, the 
membrane module pressure loss becomes small to allow a one-step 
process system. 

[0005] This invention is as described below. 

(1) A desalting method, in which raw water is pretreated by means 
of a nano filtration membrane module and subsequently desalted, 
characterized in that the said nanof iltration membrane module is 
composed of hollow fiber membranes having a magnesium sulfate 
elimination rate of 90% or more and a water permeation rate per 
membrane area of 0.3 mVmVday or more when they treat 0.05 wt% 
magnesium sulfate aqueous solution at 25*^0, pH 6 . 0 and a pressure 


of 0.5 MPa. 

(2) A desalting method, according to said (1) , wherein the desalting 
means is a reverse osmosis method. 

(3) A desalting method, according to said (1) or (2) , wherein the 
5 raw water is seawater. 

(4) A desalting method, according to said (2) or (3) , wherein the 
nanof iltration membrane module in the pretreatment is a one-step 
process system. 

(5) A desalting method, according to any one of said (2) through 
10 (4) , wherein the reverse osmosis membranes of the reverse osmosis 

method are hollow fiber reverse osmosis membranes. 

(6) A desalting method, according to any one of said (1) through 
(5) , wherein the hollow fiber membranes of the nanof iltration 
membrane module are composite hollow fiber membranes. 

15 (7) A desalting method, according to said (6) , wherein the 
separation active layer of the composite hollow fiber membrane is 
made of a polyamide-based polymer. 

(8) A desalting method, according to said (7), wherein the 
separation active layer of the composite hollow fiber membrane is 

20 made of a crosslinked polyamide-based polymer. 

(9) A desalting method, according to said (8) , wherein the 
crosslinked polyamide-based polymer is mainly composed of 
crosslinked polypiperazineamide. 

[0006] In this invention, the magnesium sulfate elimination 
25 capability of a hollow fiber membrane means the value in the case 
where the recovery rate, i.e. , the rate of the flow rate of permeated 
water to the flow rate of raw water is as small as 5% or less. It 
is preferred that the elimination capability is higher, since the 
scale component elimination capability is higher. For example, 
30 scale components include soft scale components such as calcium 


carbonate and magnesium hydroxide and hard scale components such 
as calcium sulfate products (gypsum, calcium sulfate dihydrate, 
etc.), and practically, the latter is a problem. For calcium 
carbonate, scale generation can be inhibited considerably if pH 
5 is adjusted, but for calcium sulfate products, it is difficult to 
inhibit scale generation unless the concentration is lowered, to 
pose a problem in achieving a higher recovery rate in the desalting 
process. Furthermore, in the case of seawater treatment, it is 
preferred that the sodium chloride elimination rate is 50% or less, 
10 lest the osmotic pressure acting on the nanof iltration membranie 
should be too large. 

[0007] In this invention, the magnesium sulfate elimination rate 
refers to a value measured at a raw water concentration of 0.05 
wt%, at a supply pressure of 1.0 MPa, a temperature of 25''C and a 
15 recovery rate of 5% or less, and is defined by the following formula 

(1). 

Elimination rate = (1 - (Magnesium sulfate content of permeated 
water) / (Magnesium sulfate content of raw water) x 100 (%) (1) 
[0008] In this invention, the water permeation rate per membrane 
20 area refers to the water permeation rate (m /m /day) measured with 
0.05 wt% magnesium sulfate aqueous solution at a supply pressure 
of 1.0 MPa, a temperature of 25°C and a recovery rate of 5% or less. 
It is preferred that the value is larger, since the water permeation 

3 2 

rate per membrane module becomes larger . Preferred is 0 . 3 m /m / day 
25 or more, and more preferred is 0 . 6 m^/m^/day or more. Further more 
preferred is 0 . 9 m^/m^/day or more. 

[0009] In this invention, a hollow fiber membrane is a separation 
membrane shaped like a hollow fiber having selective permeability 
and can be a so-called asymmetric membrane or composite membrane, 
30 etc. In view of performance, a composite membrane is preferred 


though the membrane structure is not especially limited. 
Furthermore, either external pressure type or internal pressure 
type can be used, but external pressure type is preferred since 
it can have a larger effective membrane area. If the outside 
5 diameter of the hollow fiber membrane is too large, the membrane 
area per membrane module becomes small, and if the inside diameter 
of the hollow fiber membrane is too small, the flow pressure loss 
in the hollow portion becomes large. So, it is desirable to set 
the dimensions of the hollow fiber membrane, considering 

10 performance, etc. Furthermore, the hollow fiber membrane must 
endure a pressure at least higher than the operating pressure. In 
this invention, though not especially limited, it is preferred that 
the outside diameter of the hollow fiber membrane is, for example, 
1,000 Urn to 100 |im, a more preferred range being 700 Mm to 150 |im; 

15 and that the inside diameter is, for example, 800 |Am to 70 Jto, a 
more preferred range being 500 Mm to 100 M^i. 

[0010] In this invention, the membrane module composed of hollow 
fiber membranes is not especially limited if it is composed of hollow 
fiber membranes. The hollow fiber membranes can be arranged in 

20 parallel to each other, to cross each other or in U-shape, etc., 
and as required, distribution pipes can be installed. It is 
possible to select an arrangement pattern that assures sufficient 
exhibition of performance as a module. To keep the membrane area 
per membrane module large, a higher packing rate is preferred, but 

25 since fouling occurs between hollow fiber membranes if the packing 
rate is too large, it is desirable to set an optimum rate. For 
example, a rate of 30% to 80% is preferred, and a rate of 40% to* 
7 5% is more preferred. Furthermore, in order that the performance 
of hollow fiber membranes can be sufficiently exhibited in the 

30 membrane module, it is preferred to employ such a structure and 


hollow fiber membrane arrangement as not to cause channeling in 
the membrane module. 

[0011] In this invention, the desalting method is a method of 
eliminating the salt from raw water , and can be selected , for example , 
5 from evaporation methods, electrodialysis methods, and reverse 
osmosis methods though not limited thereto. For example, for 
seawater desalination, a reverse osmosis method is preferred in 
view of energy consumption, though depending on the salt content. 
The modules used in a reverse osmosis method can be classified into 
10 two major categories; spiral module using flat membranes as reverse 
osmosis membranes and hollow fiber modules using hollow fiber 
membranes. In view of compactness and turbidity resistance, a 
hollow fiber module . is preferred. 

[0012] In this invention, a one-step process system refers to a 

15 system that employs neither said Christmas tree arrangement in which 
the concentrated water of an upstream module is supplied to a 
downstream module, nor pressure raising means provided between 
modules. Especially in the case of a hollow fiber membrane module, 
since the pressure loss in the module is generally small, such 

20 arrangement can be easily employed. 

[0013] In this invention, a nanofiltration membrane means a membrane 
with a fractionation characteristic between that of an 
ultrafiltration membrane and that of a reverse osmosis membrane. 
Specifically, it is a membrane with an especially high capability 

25 of eliminating divalent ions compared with the capability of 
eliminating monovalent ions in the raw water. It is preferred that 
the capability of eliminating scale components such as hard 
components and sulfate ions is high. For example, it is preferred 
that the magnesium sulfate elimination rate is 90% or more, and 

30 more preferred is 95% or more. 


[0014] It can happen that the pretreatment step using nanof iltration 
membranes is operated at a high recovery rate, and if the elimination 
rate is too high, scale may be deposited on the nanof iltration 
membranes per se depending on operation conditions. So, it is 
5 necessary to set optimum operation conditions . For example, on the 
alkaline side, since the solubility of calcium carbonate is small, 
the scale of calcium carbonate may be precipitated. Furthermore 
also on the alkaline side, the capability of eliminating hard 
components such as calcium and magnesium declines. So, it is 
10 preferred that the pretreatment by means of nanof iltration 
membranes is carried out on the acidic side. In view of the chemical 
resistance stability of the membranes, the amount of chemicals used 
for pH adjustment, and cost, it is preferred that the pH is 6 to 
6.5. 

15 [0015] In this invention, a composite hollow fiber membrane refers 
to a membrane, in which a separation active layer is formed on the 
outer surface and/or inner surface of a porous hollow fiber membrane 
substantially devoid of separation capability. A composite 
membrane with a separation active layer formed on the outer surface 

20 is preferred since the effective membrane area becomes large. 

[0016] The porous hollow fiber membrane is not especially limited, 
if it is a support membrane for supporting the separation active 
layer. It is preferred that the membrane has fine pores of 
preferably 0.1 ^to or less, more preferably 0.05 |im or less in the 

25 outer surface and pores larger than the fine pores of the outer 
surface in the texture down to the back side other than the outer 
surface lest the fluid permeation resistance should be larger than 
necessary. The pores can be network-like voids and/or fingery 
voids. The material is not especially limited, but in view of such 

30 properties as mechanical strength, chemical stability and heat 


resistance, a polysulfone resin is preferred. 

[0017] In this invention, the separation active layer is not 
especially limited, if it serves to remove the divalent ions to 
be separated . For example , a thin polyamide-based polymer membrane 
5 can be used. As the thin polyamide-based polymer membrane, a thin 
crosslinked polyamide-based polymer membrane obtained by the 
interfacial polycondensation reaction between a polyfunctional 
amine and a polyfunctional acid halide is preferred. Crosslinked 
polypiperazineamide, full aromatic crosslinked polyamide, etc. can 

10 be used. Especially crosslinked polypiperazineamide is preferred. 
It is preferred that the thickness is thinner if there is no pinhole. 
Considering membrane formation stability, permeability, etc., it 
is preferred that the thickness is 1.0 Mm or less. More preferred 
is 0.5 pm or less. On the surface of the separation active layer, 

15 as required, for example, a protective layer based on polyvinyl 
alcohol can also be formed. 
[0018] 

[Examples] The present invention is described below in reference 
to examples, but is not limited thereto or thereby. 

20 [0019] Example 

A film-forming raw liquid consisting of 20 parts by weight of 
polysulfone, 4 parts by weight of triethylene glycol, 75.5 parts 
by weight of N,N-dimethylacetamide (DMAc) and 0.5 part by weight 
of sodium laurylbenzenesulfonate was extruded from the outer 

25 circumferential portion of a tube-in-orif ice spinneret together 
with a core solution consisting of 30 parts by weight of DMAc and 
70 parts by weight of water extruded from the inner circumferential 
portion, and they were allowed to run in air for 6 cm and taken 
at a speed of 15 m/min into a solidifying liquid consisting of 5 

30 parts by weight of DMAc and 95 parts by weight of water, then being 


rinsed, to obtain a hollow fiber type porous support (outer diameter 

350 Urn, inner diameter 200 fto) . The porous support was kept in 
contact with an amine aqueous solution containing 2 parts by weight 
of piperazine, 1 part by weight of triethylenediamine and 0.07 part 
5 by weight of sodium laurylbenzenesulfonate for one minute, pulled 
up, to drain .the extra amine aqueous solution, and brought into 
contact with a hexane solution containing 1 part by weight of " 
trimesic acid chloride, a fluorine based solvent (Fluorinert FC-70 
produced by Sumitomo 3M) , and 1 part by weight of acetic acid aqueous 

10 solution in this order, to obtain a composite hollow fiber membrane 
having a thin polyamide film formed on the outer surface of the 
porous support. The water permeation rate and the magnesium • 
sulfate elimination rate of the composite hollow fiber membrane 
were measured and found to be 0.37 m^/m^/day and 95.3% respectively. 

15 The properties of this composite hollow fiber membrane were obtained 
as described below. A mini-module with a membrane area of about 
100 cm^ was prepared using said composite hollow fiber membrane, 
and an aqueous solution containing 500 g of magnesium sulfate per 

cubic meter of 25^C and pH 6 was supplied to the outside of the 
20 composite hollow fiber membrane at an operating pressure of 0.5 
MPa, for desalting, and the water permeation rate per unit membrane 
area and the salt content of the permeated water were measured. 
In this case, the recovery rate, i.e., the rate of the flow rate 
of permeated water to the flow rate of raw water was as small enough 
25 as less than 5%. 

[0020] About 50,000 such composite hollow fiber membranes were 
arranged as an almost cylindrical bundle around a porous core tube, 
and both the ends were solidified with a resin. One end was cut 
to open the hollow fiber membranes. The membrane element was 
30 installed in a pressure vessel with an outer diameter of 150 mm 


and a length of 840 mm, to make a nanof iltration membrane module. 
The effective membrane area of the nanof iltration membrane module 
was about 38 m^ . 

[0021] To the nanof iltration membrane module, an aqueous solution 
5 containing 500 g of magnesium sulfate per cubic meter of 25°C and 
pH 6 was supplied at an operating pressure of 1.0 MPa to the water 
supply port of the membrane module, for desalting, and 10 minutes 
later, the salt content was measured. The recovery in this case 
was 50%, and the elimination rate was 91.1%. 

10 [0022] Real seawater treated by sand filtration was supplied at 
0.5 MPa- to two such nanof iltration membrane modules, and the 
recovery rate was set at 20%. The flow rate of permeated water was 
10.4 m^ per day, and the electric conductivity was 3530 mS/m. The 
electric conductivity of raw water was 3920 mS/m. The typical 

15 divalent ion contents among scale components decreased as shown 
in Table 1. The permeated water was raised to a pressure of 6 MPa 
and supplied to hollow fiber reverse osmosis membrane module HR5355 
(produced by Toyobo) , and the recovery rate was set at 55%. The 
flow rate of permeated water was 5 .2 m^ per day, and the salt content 

t 

20 was 148 mg/1. One nanof iltration membrane module was needed to 
pretreat the reverse osmosis membrane module, and it was confirmed 
that the installation space of the membrane module was small to 
allow compact installation. 
[0023] Comparative Example 

25 The copolyamide disclosed in JP62-24404A was used. An asymmetric 
hollow fiber membrane with an outside diameter of 270 fXm and an inside 
diameter of 150 Jim was prepared by the dry-wet spinning process 
disclosed in JP2-63535A except that the raw solution for membrane 
formation contained 30 wt% of the copolyamide, 1.5 wt% of diglycerol 

30 and 2.5% of calcium chloride and that the membrane was 


hydrothermally treated at 75°C for 1 hour. The water permeation 
rate and the magnesium sulfate elimination rate of the asymmetric 
hollow fiber membrane were measured as described for Example 1, 
and found to be 0.06 m^/m^/day and 94.5% respectively. 
5 [0024] Eighty five thousand such asymmetric hollow fiber membranes 
were arranged almost as a cylindrical bundle around a porous core 
tube, and both the ends were solidified with a resin. One end was 
cut to open the hollow fiber membranes. The membrane element was 
installed in a pressure vessel with an outside diameter of 150 mm 

10 and a length of 840 mm, to make a membrane module. The effective 
membrane area of the membrane module was about 50 m . 
[0025] To the membrane module, an aqueous solution containing 500 
g of magnesium sulfate per cubic meter was supplied at 25**C, pH 6 
an operating pressure of 1.0 MPa to the water supply port of the 

15 membrane module , for desalting, and 10 minutes later, the respective 
solute concentrations were measured. In this case, the recovery 
rate was 50%, and the elimination rate was 91.6%. 
[0026] Real seawater was desalted as described for Example 1 , except 
that the nanof iltration membrane module was different. The water 

20 permeation rate was 1.1 mVday per one nanof iltration membrane 
module. Ten such membrane modules were arranged in parallel for 

3 

treatment in one step, and a water permeation rate of 11.1 iti /day 
was obtained. The electric conduptivity of the permeated water was 
3490 mS/m. Among scale components, typical divalent ion 

25 concentrations decreased as shown in Table 1. The permeated water 
was raised in pressure to 6 MPa and supplied to hollow fiber type 
reverse osmosis membrane module HR5355 (produced by Toyobo) , and 
the recovery rate was set at 55%. The flow rate of the permeated 
water was 5.3 mVday, and the salt content was 146 mg/L. Ten 

30 nanof iltration membrane modules were needed to pretreat the reverse 


osmosis membrane module. The water permeation rate per membrane 
module was small, and in the case of an actual apparatus, the 
membrane module installation space will be large undesirably. 
[0027] 


5 [Table 1] 


Item 

Content 
in raw 
water 

Example 

Comparative example 

Content in the water 
permeated through 
nanof iltration 
membranes for 
pretreatment 

elimination 
rate 

Content in the water 
permeated through 
nanof iltration 
membranes for 
pretreatment 

Elimination 
rate 

Calcium 
ions 

330 

180 

45 

178 

46 

Magnesium 
ions 

1010 

460 

54 

455 

65 

Sulfate 
ions 

2070 

. 670 

68- 

662 

68 


[0028] 


[Effect of the invention] According to the desalting method of this 
invention, since a nanof iltration membrane module composed of 
highly water permeable hollow fiber membranes capable of 
10 eliminating divalent ions as scale components is provided for 
pretreatment in a desalting process^ the membrane module 
installation space in the pretreatment equipment can be greatly 

* ■ 

reduced. 


